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Abstract 


Two new genera and three new species of freshwater mussels in the tribe Pseudodontini (Bivalvia, Unionidae) are described from 
the Mekong Basin in Thailand based on an integrative taxonomic study involving morphology and multi-locus phylogenetic anal- 
yses (mitochondrial COI and 16S, and nuclear 28S genes). The monotypic genus, Lannanaia kokensis gen. et sp. nov., presents 
unique features of being rather compressed, sub-trigonal in outline with short and high shell, and with a distinct posterior wing. 
Another new genus, /sannaia gen. nov., is characterized by having a thin and moderately inflated shell, with rhomboidal to ovate 
outline. It includes two lineages that are genetically separated by 3.54% uncorrected COI p-distance, and are herein described as 
I. fortunata sp. nov. and I. occultata sp. nov. Phylogenetic analyses further revealed that these two new genera were nested within 
a clade of subtribe Pseudodontina, and with pairwise uncorrected COI p-distance to other genera ranging from 11.42 to 15.66%. 
Based on the present data, Lannanaia gen. nov. is known only from the Kok River in the north of Thailand, whereas the two spe- 
cies of /sannaia gen. nov. are restricted to tributaries of the Mekong River in the northeast of Thailand. The discovery of rare and 
probably endemic freshwater mussels in the Mekong Basin thus again highlights the importance of this region among freshwater 
biodiversity hotspots of the world. 
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Introduction its high species richness but also to the notable ende- 


mism (Zieritz et al. 2018; Graf and Cummings 2021), 


Freshwater mussels in the family Unionidae represent 
the most diverse group among bivalves that have evolved 
to live in freshwater environments, with more than 750 
extant representatives described worldwide, excluding 
Antarctica and South America (Graf and Cummings 
2021). They are particularly diverse in East Asia, which 
hosts approximately 40% of all described species (Graf 
and Cummings 2021). The region is thus considered one 
of the most important global hotspots of freshwater mus- 
sel diversity, alongside North America, due not only to 


highlighting the need for comprehensive research and 
conservation efforts. Examples of this endemism in- 
clude more than one hundred species that are restricted 
to a single river basin (e.g., Bolotov et al. 2020, 2023: 
Konopleva et al. 2021; Pfeiffer et al. 2021; Jeratthitikul 
et al. 2022; Jeratthitikul and Sutcharit 2023; Kongim et 
al. 2023), as well as cases at the subfamily level, such as 
Modellnatinae, which is exclusively distributed in the 
Mun River, a tributary of the Mekong River Basin in 
Thailand (Brandt 1974). 
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The tribe Pseudodontin1, which currently contains around 
48 extant species in nine genera, has been considered one of 
the endemic freshwater mussel groups occurring in South- 
east Asian limnetic drainage systems (Bolotov et al. 2023, 
and references therein). Members of this tribe share char- 
acteristics such as the presence of V-shaped fossette at the 
posterior end of the hinge structure on the inner side of the 
shell and the reduction or absence of lateral teeth (Lopes-Li- 
ma et al. 2017). Recent multilocus phylogenetic approach- 
es suggest that Pseudodontini consists of two well-defined 
clades that are biogeographically separated along the Sal- 
ween-Mekong border. The subtribe Indopseudodontina is 
endemic to the western Indochina Subregion from Ayeyar- 
wady to Salween basins, whereas the subtribe Pseudodonti- 
na (= Pilsbryoconchina Bolotov, Vikhrev & Tumpeesuwan 
in Bolotov et al. 2017b) is mainly distributed in the Chao 
Phraya and Mekong basins, with some taxa found to the 
east and southeast of the Salween-Mekong border (Bolotov 
et al. 2023). The Indopseudodontina currently consists of 
five species in one genus, /ndopseudodon Prashad, 1922, 
whereas the Pseudodontina currently comprises 43 species 
in eight genera (Bolotov et al. 2023). These genera are re- 
covered as well-defined clades in phylogenetic analyses 
(e.g., Jeratthitikul et al. 2021b; Bolotov et al. 2023; Kono- 
pleva et al. 2023). 

Many Pseudodontini species exhibit restricted ranges 
and specialized habitat preferences, making them partic- 
ularly vulnerable to extinction (1.e., Bolotov et al. 2020, 
2023; Jeratthitikul et al. 2021b, 2022; Konopleva et al. 
2021, 2023; Jeratthitikul and Sutcharit 2023). This sus- 
ceptibility mirrors the global trend observed in other 
unionid species, which have experienced a significant de- 
cline in diversity over recent decades (Lopes-Lima et al. 
2018; Aldridge et al. 2023). 

A recent freshwater mollusc survey along the Mekong 
River and its tributaries in Thailand has yielded enigmatic 
specimens that were initially identified as belonging to 
the Pseudodontini. However, these specimens could not 
be attributed to any known genera and demonstrated evo- 
lutionary distinctiveness through multi-locus phylogenet- 
ic analyses. Consequently, they are formally described as 
two new genera and three new species in this study. 


Material and methods 
Specimen sampling and morphology examination 


Animal use protocol was approved by the Faculty of Sci- 
ence, Mahidol University Animal Care and Use Commit- 
tee, SCMU-ACUC (MUSC65-013-606). 

Specimens of freshwater mussels were collected 
by hand from three tributaries of the Mekong River in 
Thailand, including 1) Kok River, Chiang Rai Province, 
northern Thailand; 2) Thuai River, Nakhon Phanom 
Province, northeastern Thailand, and 3) Yang Stream in 
Udon Thani Province, a tributary of Lam Pao River, Chi 
Basin, northeastern Thailand. Specimens were subjected 
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to euthanization by the two-step method recommended 
by AVMA (AVMA 2020). In brief, the specimens were 
put in a container with freshwater, and then 95% (v/v) 
ethanol was added gradually, starting at a concentration 
of about 5% (v/v), until the foot and adductor muscles 
fully relaxed. The anesthetized specimens were subse- 
quently fixed in 70% (v/v) ethanol. Soft bodies were then 
separated from the shells. Small pieces of foot tissues 
were cut and preserved in 95% (v/v) ethanol for further 
molecular analyses. The remaining soft parts were pre- 
served in 70% (v/v) ethanol, while the shells were kept as 
dry specimens. Holotypes and paratypes of the new taxa 
are deposited in the Mahidol University Museum of Nat- 
ural History, Department of Biology, Faculty of Science, 
Mahidol University, Bangkok, Thailand (MUMNH). 

Shell morphology was examined based on shell shape, 
shell outline, shell size, shape and position of the umbo, 
hinge plate dentition, and muscle attachment scars. Shell 
dimensions were measured for shell length, height, and 
width using a digital Vernier caliper (+0.1 mm). Anatom- 
ical characteristics of soft parts (1.e., excurrent and incur- 
rent aperture, labial palps, and gills) were also examined 
under a stereomicroscope. 


Molecular analysis 


Whole genomic DNA was extracted from the dissected 
foot tissues using a DNA extraction kit for animal tissue 
(NucleoSpin Tissue Extraction Kit, Macherey-Nagel, 
Germany) according to the manufacturer’s instructions. 
Fragments from the mitochondrial cytochrome c oxidase 
subunit-I gene (COI), the mitochondrial large ribosomal 
subunit rRNA gene (16S rRNA), and the nuclear 28S large 
ribosomal subunit rDNA gene (28S rRNA) were ampli- 
fied and sequenced using primers LoboF1 and LoboR1 for 
COI (Lobo et al. 2013), 16sar-L-myt and 16Sbr-H-myt for 
16S rRNA (Lydeard et al. 1996), and Cl and D2 for 28S 
rRNA (Jovelin and Justine 2001). Polymerase chain reac- 
tion (PCR) was conducted using a T100™ thermal cycler 
(BIO-RAD) with a final reaction volume of 30 wh (15 wh 
EmeraldAmp GT PCR Master Mix, 1.5 uL each primer, 
10 ng template DNA, and distilled water up to 30 uL total 
volume). PCR conditions and processes were as follows: 
94 °C for 3 min; 35 cycles of 94 °C for 30 s, annealing 
for 60 s (46 °C for COI and 16S rRNA, and 58 °C for 
28S rRNA), 72 °C for 90 s, and a final extension at 72 °C 
for 5 min. Amplified PCR products were purified using 
MEGAquick-spinTM plus (Fragment DNA purification 
kit), and sequenced in both directions by an automat- 
ed sequencer (ABI prism 3730XL). Contigs of forward 
and reverse sequences were edited and assembled using 
MEGA11 v. 11.0.13 (Tamura et al. 2021), and confirmed 
by visual inspection. The sequences obtained in this study 
have been uploaded in the GenBank Nucleotide sequence 
database under accession numbers OR987588—OR987596 
for COI, OR987514—OR987522 for 16S rRNA, and 
OR987523—OR987531 for 28S rRNA (Suppl. material 1). 
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Phylogenetic analyses 


The dataset for phylogenetic analyses includes haplotypes 
from nine individuals of the new taxa, along with 42 spe- 
cies from all other genera in the tribe Pseudodontini as the 
ingroup, and some representative taxa from other tribes (1.e., 
Schepmaniini, Gonideini, Chamberlainiini, Rectidentini, 
Contradentini, Ctenodesmini, and Lamprotulin1) as the out- 
group (Suppl. material 1). Apart from the newly obtained 
sequences in this study, these sequences were from a series 
of previously published studies that are available on the 
GenBank database (Huang et al. 2013; Pfeiffer and Graf 
2015; Zieritz et al. 2016, 2020, 2021b; Bolotov et al. 2017a, 
2017b, 2020, 2023; Lopes-Lima et al. 2017; Jeratthitikul et 
al. 2019, 2021a, 2021b, 2022; Konopleva et al. 2019, 2021, 
2023; Froufe et al. 2020; Jeratthitikul and Sutcharit 2023; 
Kongim et al. 2023). The sequences were aligned for each 
gene separately by ClustalW algorithm using MEGA11, and 
later all three gene alignments were joined into one concat- 
enated data matrix. The final concatenated alignment was 
divided into five partitions (3 codons of COI + 16S rRNA 
+ 28S rRNA). The best-fit substitution model for each par- 
tition was determined using PartitionFinder2 v. 2.3.4 (Lan- 
fear et al. 2017) under the corrected Akaike Information 
Criterion (AICc). Phylogenetic analyses were performed 
using the online CIPRES Science Gateway (Miller et al. 
2010). The maximum likelihood (ML) phylogenetic tree 
was reconstructed in IQ-TREE v. 2.2.2.7 (Minh et al. 2020) 
with 10,000 replicates of ultrafast bootstrap analysis (UF- 
Boot) to assess topology bootstrap support (BS; Hoang et al. 
2018). The Bayesian Inference (BI) phylogenetic analysis 
was performed in MrBayes v. 3.2.7 (Ronquist et al. 2012). 
Four Monte Carlo Markov Chains of 10,000,000 genera- 
tions were run with sampling every 1,000 generations. The 
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resulting effective sample sizes were > 200 for all parame- 
ters. A clade of obtained phylogenetic trees was considered 
well supported when the ultrafast BS was > 95% and Bayes- 
ian bipartition posterior probability (bpp) was > 0.95 (San 
Mauro and Agorreta 2010; Hoang et al. 2018). 

Genetic distance between pairs of genus/species clades 
recovered from the phylogenetic analysis was also esti- 
mated as uncorrected p-distance of COI gene sequences, 
using MEGA11. 


Results 
Phylogenetic analysis and genetic distances 


Phylogenetic trees were estimated from a concatenated 
alignment of 1,935 bp (660 bp of COL 500 bp of 16S rRNA, 
and 775 bp of 28S rRNA), and with the best-fit substitution 
model GTR+I+G for the first codon of COI, 16S rRNA, 
and 28S rRNA; GTR+I for the second codon of COI; and 
GTR+G for the third codon of COI. Both ML and BI analy- 
ses resulted in a highly congruent tree topology. Therefore, 
only the best ML tree from IQ-TREE is presented in Fig. 1. 

The tree topology showed clear monophyly of the 
Pseudodontini with high BS and bpp (BS = 100%, 
bpp = 1). All Pseudodontini genera were recovered as 
highly supported clades (BS = 98—-100%, bpp = 0.99-1). 
Among these genus-level clades, specimens from the Kok 
River, northern Thailand, were recovered as a monophy- 
letic clade (BS = 100%, bpp = 1). This clade was nest- 
ed with the monotypic genus Songkhlanaia Konopleva 
et al., 2023 with high support (BS = 99%, bpp = 0.99), 
and a deep divergence of 11.42% uncorrected COI p-dis- 
tance (Table 1). Specimens of the unknown freshwater 


Table 1. Mean genetic distances (uncorrected p-distance: %+SD) based on 660 bp COI gene fragment sequences among genera of 
the tribe Pseudodontini (below diagonal), and between species within each genus (in bold). 


1 2 3 & 5 6 7 8 9 10 11 
1. Lannanaia gen. nov. n/a 
2./sannaia gen. nov. 15.40+ 3.08 
0.17 0.15 
3. Namkongnaia P27 lei 15.38 
0.40 0.39 
4, Pseudodon 14.01+ 13.80+ 11.04+ 7.03+ 
O77 0.76 1.02 3.14 
5. Bineurus 13.61+ 13.86+ 11.58+ 1191+ 4.14 
0.47 0.72 0.70 0.59 1.25 
6. Thaiconcha 15.66+ 1455+ 12.04+ 1344+ 1159+ 3.264 
0.13 0.36 0.27 0.56 0.52 0.67 
7. Sundadontina 13.388:2. 13:72 # 1179-4, 1246+ 12.244 12:96 ~9:92 + 
0.95 0.71 0.77 1.01 1.19 1.44 3.20 
8. Nyeinchanconcha = 12.72+ 1349+ 11.34+ 12.58+ 11.13+ 1289+ 1054+ n/a 
0.00 0.27 0.08 0.53 0.88 0.40 0:52 
9. Pilsbryoconcha 12.74+ 1421+ 1209+ 1213+ 11.41+ 1257+ 1244+ 1154+ 8.982 
0.94 0.99 0.80 1.38 0.95 0.95 L34 0.98 1.57 
10. Songkhlanaia 1L42re 13124. - 10284 1118-2 T0674 ie 6/7" 1173226. lle n/a 
0.00 0.29 0.32 0.56 0.62 0.07 1.56 0.00 0.79 
11. Indopseudodon 13:/6 +- 15,02-4°°12.11-4 13:07ia: A2970:+ 13-47 1331-4) 1264.2 ~12464° 1172+ ~9:29.> 
1.59 0.66 0.49 0.80 0.96 0.54 0.66 ei 0.98 0.86 3.21 
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Figure 1. Maximum likelihood (ML) tree of freshwater mussels in subfamily Gonideinae based on 1,935-bp concatenated align- 
ment dataset of COI and 16S rRNA mitochondrial genes, and 28S rRNA nuclear gene. The numbers on nodes represent the bootstrap 
support (BS) from the ML analysis and the bipartition posterior probability (bpp) from the BI analysis, and are shown as ML/BI. 


Scale bar indicates the branch length. 


mussels from northeastern Thailand were recovered as two 
well-supported species-level clades (BS = 99-100%, bpp = 
0.98-0.99). Each clade contained specimens from a single 
locality, and differed from each other by 3.54% uncorrect- 
ed COI p-distance. The two were grouped into a genus-lev- 
el clade with high support (BS = 100%, bpp = 1), and then 
nested with the clade of Pilsbryoconcha Simpson, 1900, 
but without significant support (BS = 73%, bpp = 0.58). 
Nevertheless, in terms of genetic similarity, this group of 
freshwater mussels from northeastern Thailand showed the 
closest genetic similarity to Namkongnaia Jeratthitikul et 
al., 2021, with an uncorrected COI p-distance of 11.77%. 
These two newly discovered genus-level clades showed 
unique conchological characteristics distinguishable from 
other genera in the Pseudodontini (see taxonomic account 
below). Therefore, they are herein described as Lannana- 
ia kokensis gen. et sp. nov. for the clade from northern 
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Thailand and /sannaia gen. nov. for the clade from north- 
eastern Thailand. The two species-level clades of the lat- 
ter genus are described as new species: /. fortunata sp. 
nov. for the clade from the Thuai River and /. occultata 
sp. nov. for the clade from Yang Stream, Chi Basin. 

The Pseudodontini is further grouped into two larger 
clades with high support (BS = 99—100%, bpp = 1), corre- 
sponding to the currently accepted subtribe classification 
(e.g. Bolotov et al. 2023). The clade of the Indopseudodon- 
tina contained only one genus, /ndopseudodon. In con- 
trast, the clade of the Pseudodontina contained ten gen- 
era, including the two genera newly described in this 
study. However, the phylogenetic relationship among 
genera within the Pseudodontina was still uncertain, ex- 
cept for Bineurus Simpson, 1900, Thaiconcha Bolotov 
et al., 2020, Nyeinchanconcha Bolotov et al., 2020, and 
Sundadontina Bolotov et al., 2020, which were grouped 
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into a strongly supported clade (BS = 100%, bpp = 0.99), 
and a clear sister relationship between Songkhlanaia 
and Lannanaia gen. nov. (BS = 99%, bpp = 0.99). Pair- 
wise genetic distances as expressed by uncorrected COI 
p-distance among genera in Pseudodontina ranged from 
10.28% in Songkhlanaia versus Namkongnaia to 15.66% 
in Lannanaia gen. nov. versus Thaiconcha, and with an 
average of 12.50% (Table 1). 


Taxonomic account 


Family Unionidae Rafinesque, 1820 
Subfamily Gonideinae Ortmann, 1916 
Tribe Pseudodontini Frierson, 1927 


Subtribe Pseudodontina Frierson, 1927 


Remarks. Currently the Pseudodontina is composed of 
45 species in ten genera, including the new taxa described 
herein (Bolotov et al. 2023). These genera are Bineurus 
Simpson, 1900 (5 species), /sannaia gen. nov. (2 species), 
Lannanaia gen. nov. (1 species) Namkongnaia Jeratthiti- 
kul et al., 2021 (2 species), Nyveinchanconcha Bolotov et 
al., 2020 (1 species), Pilsbryoconcha Simpson, 1900 (9 
species), Pseudodon Gould, 1844 (9 species), Songkh- 
lanaia Konopleva et al., 2023 (1 species), Swndadontina 
Bolotov et al., 2020 (12 species), and Thaiconcha Bolo- 
tov et al., 2020 (3 species). Pseudodon mekongi (Bolotov 
et al., 2020) was nested within a clade of Pseudodon von- 
dembuschianus (Lea, 1840) in the phylogenetic analysis 
in this study. Therefore, we recognize it as a subspecies of 
P. vondembuschianus. 


Genus Lannanaia gen. nov. 
https://zoobank.org/6999F44B-DA95-451C-BDAC-E088A0EF84CE 


Type species. Lannanaia kokensis gen. et sp. nov., by 
present designation. 

Species included. The new genus currently contains 
only one species, L. kokensis sp. nov. 

Diagnosis. This new genus is distinguished from other 
Pseudodontini genera by its compressed, rather short and 
high shell, with sub-trigonal outline, and distinct posteri- 
or wing. The hinge plate is without dentition, or with very 
rudimentary broad pseudocardinal tooth in each valve, 
and posterior end of the hinge structure with rather wide 
V-shaped fossette (Fig. 2). It is also represented as a dis- 
tinct clade in multi-locus phylogenetic analyses (Fig. 1). 

Description. Shell medium-sized, thin, rather short 
and high, winged, sub-trigonal outline, inequilateral, rath- 
er compressed. Anterior margin rounded; posterior mar- 
gin angulate, somewhat pointed. Umbo tiny, not promi- 
nent, eroded. Ligament long, very narrow. Hinge without 
dentition, or with very rudimentary broad pseudocardinal 
tooth in each valve; posterior end of the hinge structure 
with rather wide V-shaped fossette. Anterior adductor 
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muscle scar very shallow, ovate, contiguous with anterior 
pedal retractor muscle scar, but separated from anterior 
protractor scar; posterior adductor muscle scar round, 
very shallow, almost invisible. Pallial line very faint, con- 
tinuous. Umbo cavity shallow. 

Etymology. The generic name “Lannanaia” is from 
the word “Lanna”, a name of the kingdom located in 
present-day northern Thailand during the 13" to 18" cen- 
turies, and the Greek word “naiad’ meaning freshwater 
mussel. The name of this genus thus means “freshwater 
mussels from Lanna” or “freshwater mussels from north- 
ern Thailand”. The gender is feminine. 

Distribution. Endemic to Kok River, a tributary of the 
Mekong River in northern Thailand (Fig. 3). 

Remarks. The phylogenetic tree generated in this 
study places Lannanaia gen. nov. as a sister group to 
Songkhlanaia, with strong support from both analyses 
(BS = 100%, bpp = 0.99; Fig. 1), and with a 11.42% 
p-distance based on the COI gene (Table 1). Both gen- 
era share general characteristics of a short shell outline 
and rather compressed shell. However, Lannanaia gen. 
nov. can be distinguished from Songkhlanaia by having 
a sub-trigonal shell outline and a curved ventral margin 
(vs a rectangular shell outline and an almost straight 
ventral margin in Songkhlanaia), distinct posterior wing 
(vs absent posterior wing), and not prominent umbo (vs 
slightly elevated and easily visible umbo) (Konopleva et 
al. 2023). In addition, the biogeography of the two gen- 
era is also distinct. The monotypic genus Songkhlanaia 
was described from the Songkhla Lake Basin in southern 
Thailand (Konopleva et al. 2023), while Lannanaia gen. 
nov. is restricted to the Kok River, a tributary of the Me- 
kong River in northern Thailand. 


Lannanaia kokensis sp. nov. 
https://zoobank. org/873CE4DB-F862-43DF-BFF7-8863B7CBA3C7 
Figs 1-3 


Type material. Holotype. THAILAND ¢ Chiang Rai Prov- 
ince, Mueang Chiang Rai District, Rop Wiang Subdis- 
trict, Kok River; 19.9131°N, 99.8697°E; E. Jeratthiti- 
kul and K. Wisittikoson leg.; MUMNH-UNI0825; shell 
length 57.2 mm, shell height 40.8 mm, and shell width 
14.4 mm. Paratype. THAILAND * | shell; same collection 
data as for holotype; MUMNH-UNI0824. 

Description. Shell medium-sized (shell length 
57.1-57.2 mm, shell height 40.8-43.8 mm, shell width 
14.4-14.8 mm; Table 2), thin, rather short and high (H/L 
ratio = 0.71—-0.77), winged, sub-trigonal outline, inequi- 
lateral, rather compressed. Anterior margin rounded; pos- 
terior margin angulate, somewhat pointed; ventral margin 
curved. Dorsal margin straight; anterior low and short, 
gradually elevated to posterior end; posterior end high 
and winged. Umbo tiny, not prominent, eroded. Posteri- 
or ridge wide and obtuse, not prominent; posterior slope 
with two fine lines running as curved line from umbo 
to posterior margin. Periostracum thin, greenish to dark 
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Figure 2. Shells of Lannanaia kokensis sp. nov., showing the inner side of the right valve, the outer side of the left valve, and the 
dorsal view of both valves. A. Holotype MUMNH-UNI0825; B. Paratype MUMNH-UNI08724. Scale bars: 10 mm. 


brown, the eroded part white to coppery-brown. Shell 
surface with very fine growth lines. Ligament long, very 
narrow, dark brown. Hinge without dentition, or with 
very rudimentary broad pseudocardinal tooth in each 
valve; posterior end of hinge structure with rather broad 
V-shaped fossette. Anterior adductor muscle scar very 
shallow, ovate, contiguous with anterior pedal retractor 
muscle scar, but separated from anterior protractor scar; 
posterior adductor muscle scar round, very shallow, al- 
most invisible. Pallial line very faint, continuous. Umbo 
cavity shallow. Nacre blue-whitish. 

Exhalant aperture smooth, shorter than inhalant. Inhal- 
ant aperture with a row of conical papillae, varying in 
length. Small epithelial fold divides exhalant and inhalant 
apertures. Gills elongated and slightly ribbed; outer gills 
much narrower (about half) than inner gills; anterior mar- 
gin of inner gills slightly longer than that of outer gills. 
Labial palps elongate, round at tip. Glochidia unknown. 

Etymology. The species name “kokensis” refers to 
the type locality, the Kok River in Chiang Rai Province, 
northern Thailand. 

Distribution. This new species is known only from 
the type locality. 

Remarks. Two living specimens were collected from 
a small stream that is a tributary to the Kok River, with a 
muddy bottom. We searched multiple times and locations 
for this species but failed to find additional specimens. In 
contrast, Lens contradens (Lea, 1838) and Pilsbryocon- 
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cha exilis (Lea, 1838) were found nearby in high abun- 
dance, both living and as empty shells. We assume this 
new species has a low population density and is possibly 
endemic to the Kok River Basin. 


Genus /sannaia gen. nov. 
https://zoobank.org/A DDOE6C8-ES5BD-4E05-828B-FC89CA662F02 


Type species. /sannaia fortunata gen. et sp. nov., by pres- 
ent designation. 

Species included. The new genus is currently composed 
of two species, the type species and /. occultata sp. nov. 

Diagnosis. The new genus is distinguished from other 
genera in the Pseudodontini by its thin and moderate- 
ly inflated shell, and with rhomboidal to ovate outline 
(Fig. 4). The overall shape is somewhat elongated but 
relatively shorter when compared to those of Bineurus, 
Pilsbryoconcha or Namkongnaia. The anterior margin is 
rounded, shouldered, and the posterior margin is truncat- 
ed to rounded. Its pseudocardinal teeth are rather small, 
one on each valve, hill-like or triangulate shape, and less 
developed on the left valve. Its umbo 1s slightly elevat- 
ed and the umbo cavity moderately deep. It is also rep- 
resented as a distinct clade in multi-locus phylogenetic 
analyses (Fig. 1). 

Description. Shell medium-sized, rather thin, rhom- 
boidal to ovate outline, elongate, very inequilateral, 
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Figure 3. Map showing type localities of the new species: circle Lannanaia kokensis sp. nov., triangle [sannaia fortunata sp. nov., 
and square [sannaia occultata sp. nov. Map was generated using QGIS v3.24.3 with the outline of Mekong basin from the Freshwa- 
ter Ecoregions of the World (Abell et al. 2008), river and lake topology from the HydroSHEDS database (https://www.hydrosheds. 
org), and the map raster data from the NASA EARTHDATA (https://www. earthdata.nasa.gov/). 


moderately inflated; anterior margin rounded, shoul- 
dered; posterior margin truncated to rounded. Umbo 
slightly elevated and usually eroded. Ligament very nar- 
row. One shallow hill-like or triangulate pseudocardinal 
tooth on right valve; left valve with one less developed 
hill-like to tubercule-like pseudocardinal tooth. End of 
hinge structure with V-shaped fossette. Anterior adductor 
muscle scar shallow to well-developed, ovate, contiguous 
with pedal retractor and anterior protractor muscle scars; 
posterior adductor muscle scar round, very shallow. Pal- 


lial line faint to well-marked, continuous. Umbo cavity 
moderately deep. 

Etymology. The generic name “/sannaia” is from 
the word “Jsan’’,, the name of the region of northeastern 
Thailand, and Greek word “naiad” meaning freshwater 
mussel. The name of this genus thus means “freshwa- 
ter mussels from northeastern Thailand”. The gender 
is feminine. 

Distribution. Endemic to tributaries of the Mekong 
River in northeastern Thailand (Fig. 3). 
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Figure 4. Shells of /sannaia gen. nov., showing the inner side of the right valve, the outer side of the left valve, and the dorsal 
view of both valves. A. Holotype (MUMNH-UNI1950) and B. Paratype (MUMNH-UNI1952) of [sannaia fortunata sp. nov.; 
C. Holotype (MUMNH-UNI2895) and D. Paratype (MUMNH-UNI2897) of Jsannaia occultata sp. nov. Scale bars: 10 mm. 
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Remarks. Phylogenetic analyses have failed to re- 
cover a robustly supported position of /sannaia gen. 
nov. among other Pseudodontina genera. However, in 
terms of genetic distance, it is nearest to Namkongnaia, 
with a separation of 11.77% p-distance of the COI gene 
(Table 1). Jsannaia gen. nov. can be easily distinguished 
from Namkongnaia by having a much shorter shell (Jer- 
atthitikul et al. 2021b). 

In general, [sannaia gen. nov. bears conchological re- 
semblance to certain species within the Sundadontina, 
such as S. brandti Bolotov et al., 2020 or S. plugpomenica 
Konopleva et al., 2023 (Bolotov et al. 2020; Konopleva et 
al. 2023). Nevertheless, its thin shell with less developed 
pseudocardinal teeth set it apart from the latter genus, which 
typically features a thicker and sturdier shell with stout and 
tubercular-like pseudocardinal teeth (Bolotov et al. 2020). 


TIsannaia fortunata sp. nov. 
https://zoobank.org/B84B9959-FEBF-4A FF-9E9B-B1 B965BE8605 
Figs 1,3, 4A, B 


Type material. Holotype. THAILAND * Nakhon Phanom 
Province, Tha Uthen District, Tha Uthen Subdistrict, 
Thuai River; 17.5621°N, 104.6090°E:; E. Jeratthiti- 
kul, P. Prasankok, and K. Wisittikoson leg.; MUMNH- 
UNI1950; shell length 54.13 mm, shell height 29.96 
mm, and shell width 14.39 mm. Paratypes. THAILAND ° 
3 shells; same collection data as for holotype; MUMNH- 
UNI1951 to UNI1953. 

Description. Shell medium-sized (shell length 
43.3-61.4 mm, shell height 24.5—35.1 mm, shell width 
13.4-18.4 mm; Table 2), rhomboidal, elongate (H/L ratio 
= 0.55—0.57), rather thin, very inequilateral, moderate- 
ly inflated. Anterior margin rounded, rather constricted, 
shouldered; posterior margin truncated, slightly elongate 
ventrally; ventral margin slightly curved. Dorsal margin 
slightly curved; anterior low, posterior end slightly high- 
er. Umbo slightly elevated, heavily eroded even in young 
specimens. Posterior ridge wide and obtuse, not prom- 
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inent; posterior slope with two faint lines running from 
umbo to posterior margin. Periostracum thin, brown- 
ish-black, eroded part white to coppery-brown. Shell sur- 
face with visible growth lines. Ligament long, very nar- 
row, dark brown. One very shallow hill-like or triangulate 
pseudocardinal tooth on right valve; pseudocardinal tooth 
on left valve less developed, tubercule-like, or almost ab- 
sent. Posterior end of hinge structure with small V-shaped 
fossette. Anterior adductor muscle scar shallow, ovate, 
contiguous with pedal retractor and anterior protractor 
muscle scars; posterior adductor muscle scar round, very 
Shallow, almost invisible. Pallial line faint, continuous. 
Umbo cavity moderately deep, with 1 to 2 tiny muscle 
scars in the cavity. Nacre blue-whitish with yellowish tint 
around the umbo cavity. 

Exhalant aperture almost smooth, with a row of 
tiny tubercle-like papillae on edge of aperture, shorter 
than inhalant. Inhalant aperture with a row of conical 
papillae, varying in length. Small epithelial fold divides 
exhalant and inhalant apertures. Gills elongated and 
slightly ribbed; inner gills slightly wider, and anterior 
margin of inner gills slightly longer than that of outer 
gills. Labial palps elongate, slightly curved, pointed at 
tip. Glochidia unknown. 

Etymology. The species name “fortunata” is derived 
from the Latin adjective “fortunatus”’ meaning lucky. 
This name refers to the fortuitous discovery of this rare 
freshwater species. 

Distribution. This new species is known only from 
the type locality. 

Remarks. This new species 1s rare and restricted to the 
Thuai River. Specimens were collected from hard clay 
along the river bank. It was found sympatrically with 
several unionid species endemic to Songkhram Basin 
and nearby tributaries of the Mekong Basin, including 
Lens maenamensis Pfeiffer et al., 2021, Physunio pellu- 
cidus Pfeiffer et al., 2021, Ensidens jaculus (Rochebrune, 
1882), Scabiellus songkramensis (Kongim et.al., 2015), 
Pseudodon cambodjensis (Petit de la Saussaye, 1865) and 
Scabies scobinatus (Lea, 1856). 


Table 2. Shell measurements and GenBank accession numbers for the type series of the new species described in this study. Mea- 


surements in millimetres (mm). 


Taxa Status of | Specimen voucher 
specimen 
Lannanaia kokensis sp. Holotype MUMNH-UNIO825 
nov. Paratype MUMNH-UNIO824. 
sannaia fortunata sp. nov. _ Holotype MUMNH-UNI1 950 
Paratype MUMNH-UNI1951 
Paratype MUMNH-UNI1 952 
Paratype MUMNH-UNI1 953 
[sannaia occultata sp. nov. _ Holotype MUMNH-UNI2895 
Paratype MUMNH-UNI2896 
Paratype MUMNH-UNI2897 


Shell Shell Shell Genbank accession 
length height width Col 16S rRNA 28S rRNA 
57.2 40.8 14.4 OR987589 OR987515 OR987524 
57.1 43.8 14.8  OR987588 OR987514 OR987523 
54.1 29.9 18.4 OR987590 OR987516 OR987525 
45.5 25.6 14.4 OR987591 OR987517 OR987526 
61.4 35.1 21.6  OR987592 OR987518 OR987527 
ABB. =245 13.4 OR987593 OR987519 OR987528 
53.8 31.7. 20.4 OR987594 OR987520 OR987529 
43.8 26.7 13.8 OR987595 OR987521 OR987530 
47.9 27.9 14.8 OR987596 OR987522 OR987531 
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Tsannaia occultata sp. nov. 
https://zoobank. org/F83569B6-8E5D-43BE-9DD4-4D44C9A D937B 
Figs 1, 3, 4C, D 


Type material. Holotype. THAILAND * Udon Thani Prov- 
ince, Wang Sam Mo District, Nong Ya Sai Subdistrict, 
Yang Stream (a tributary of Lam Pao River); 16.9886°N, 
103.3638°E; K. Wisittikoson leg.; MUMNH-UNI2895; 
Shell length 53.84 mm, shell height 31.68 mm, and shell 
width 20.41 mm. Paratypes. THAILAND ° 2 shells; same col- 
lection data as for holotype, MUMNH-UNI2896, UNI2897. 

Diagnosis. This species resembles /. fortunata sp. nov., 
but it can be distinguished by the overall shell shape being 
more rounded (vs rhomboidal), slightly higher shell (H/L 
ratio 0.58—0.60 vs 0.55—0.57), wider anterior margin (vs 
rather constricted), more truncated and rounded posterior 
margin (vs slightly ventrally elongate), less curved ventral 
margin (vs curved ventral margin). It also differs in char- 
acteristics inside the shell by having higher and more tri- 
angulate pseudocardinal tooth on the right valve (vs very 
shallow and hill-like pseudocardinal tooth), well-devel- 
oped muscle scars (vs very shallow and sometimes almost 
invisible), 3 to 5 well-developed muscle scars in the umbo 
cavity (vs | to 2 tiny muscle scars in the umbo cavity), and 
well-marked pallial line (vs faint pallial line). It can also be 
distinguished from its congeners by fixed nucleotide substi- 
tution positions in the COI gene fragment of base A on the 
54" 114", 363", and 414"; base T on the 90", 14154 5915+ 
and 609": base C on the 57", and 216"; and base G on 150", 
117", 19274, 558", 480%, 5524 627", 639", 645", and 657". 

Description. Shell medium-sized (shell length 43.8— 
53.8 mm, shell height 26.7—31.7 mm, shell width 13.8—20.4 
mm; Table 2), ovate to rectangular, elongate (H/L ratio = 
0.58—0.60), rather thin, very inequilateral, moderately in- 
flated. Anterior margin rounded, shouldered; posterior mar- 
gin truncated to rounded; ventral margin straight to slightly 
curved. Dorsal margin slightly curved; anterior low, pos- 
terior end slightly higher. Umbo slightly elevated, heavily 
eroded even in young specimens. Posterior ridge wide and 
obtuse, not prominent; posterior slope with two faint lines 
running from umbo to posterior margin, invisible in old spec- 
imens. Periostracum thin, brown to brownish-black, eroded 
part white to coppery-brown. Shell surface with visible 
growth lines. Ligament long, very narrow, dark brown. One 
hill-like or triangulate pseudocardinal tooth on right valve; 
pseudocardinal tooth on left valve less developed, hill-like. 
Posterior end of hinge structure with small V-shaped fos- 
sette. Anterior adductor muscle scar well-developed, ovate, 
contiguous with anterior pedal retractor and anterior pro- 
tractor muscle scars; posterior adductor muscle scar round, 
shallow, contiguous with posterior retractor muscle scars; 
posterior retractor muscle scars triangular. Pallial line well- 
marked, continuous. Umbo cavity moderately deep, with 3 
to 5 muscle scars in cavity. Nacre blue-whitish to yellowish, 
more yellowish toward the umbo cavity. 

Exhalant aperture almost smooth, with a row of tiny tu- 
bercle-like papillae on the edge of aperture, similar length 
with inhalant. Inhalant aperture with a row of very short 
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conical papillae. Small epithelial fold divides exhalant and 
inhalant apertures. Gills elongated and slightly ribbed; in- 
ner gills slightly wider, and anterior margin of inner gills 
slightly longer than that of outer gills. Labial palps elon- 
gate, slightly curved, pointed at tip. Glochidia unknown. 

Etymology. The species name “occultata” is derived 
from the Latin adjective “occultatus” meaning concealed 
or hidden, a reference to this new freshwater mussel be- 
ing hidden in a small stream far from the main river. 

Distribution. This new species is known only from 
the type locality, Yang Stream in Udon Thani Province. 
Yang Stream is a headwater tributary of the Lam Pao Riv- 
er in the Chi River Basin. The type locality is above the 
Lam Pao Dam. 

Remarks. This new species is rare and difficult to 
find despite repeated surveys. They were collected from 
a network of dense tree roots on a clay wall of a small 
stream. Nearby, there was a community of unionid mus- 
sels living in muddy or sandy substrate of the stream 
bottom, including Scabies phaselus (Lea, 1856), Physu- 
nio modelli Brandt, 1974, Namkongnaia inkhavilayi Jer- 
atthitikul et al., 2021, P. exilis, S. brandti, and Thaiconcha 
callifera (Martens, 1860). 


Discussion 


Our findings have revealed previously unknown fresh- 
water mussels within the Mekong basin, comprising two 
distinct genera and three new species. The discovery of 
new taxa in this study increases the known diversity of 
the Pseudodontini to eleven genera with 50 extant spe- 
cies. This makes this tribe the most species-rich clade en- 
demic to Southeast Asia, more than in Contradentini (35 
species) or Gonideini (27 species), for example (Graf and 
Cummings 2021; Bolotov et al. 2023). In the past decade, 
the diversity within this tribe has significantly increased, 
with several lineages (species and genera) being recent- 
ly described from Indochina (Bolotov et al. 2020, 2023; 
Jeratthitikul et al. 2021b, 2022; Konopleva et al. 2021, 
2023; Jeratthitikul and Sutcharit 2023). This highlights 
the unique evolutionary history of the region and under- 
scores the tribe’s remarkable diversity. 

Both two new genera share shell characteristics with 
other genera in Pseudodontini by having a V-shaped fos- 
sette at the posterior end of the hinge structure, and ab- 
sence of lateral teeth (Lopes-Lima et al. 2017). However, 
we cannot confirm another distinctive feature of the tribe 
which is the presence of a double-looped or W-shaped 
pattern on the umbonal area (Lopes-Lima et al. 2017), 
because the umbonal area of all of the examined speci- 
mens was extensively eroded, even in young specimens. 
Similarly, we were unable to examine the glochidia of the 
new genera since no brooding individuals were collected 
during this study. However, it is likely that their glochidia 
exist as an unhooked and semi-elliptical structure, which 
is the typical shape of glochidia among the Gonideinae 
(Pfeiffer and Graf 2015; Lopes-Lima et al. 2017). 
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Molecular phylogenetic analyses further strongly 
support the inclusion of these two new genera within 
the subtribe Pseudodontina, with high support values 
(BS = 99%, bpp = 1). The two new genera possess shell 
characteristics that fit well with other members of the 
subtribe, such as fairly thin shells with much reduced or 
even lacking pseudocardinal teeth (Bolotov et al. 2020, 
2023; Konopleva et al. 2021; Jeratthitikul et al. 2022). 
These shell characteristics make them different from 
members in the subtribe Indopseudodontina, which gen- 
erally have thicker shells and possess well-developed 
knob-like pseudocardinal teeth (Bolotov et al. 2023). 
However, the phylogenetic relationships among genera 
within the Pseudodontina in this study, as well as in some 
previous studies that used similar genetic markers (1.e., a 
concatenated dataset of COI + 16S rRNA + 28S rRNA), 
remain largely unclear and still controversial (e.g., Jerat- 
thitikul et al. 2021b; Bolotov et al. 2023; Konopleva et 
al. 2023). To clarify these relationships, future investi- 
gations should incorporate longer nucleotide sequences 
and additional gene fragments, or utilize more informa- 
tive molecular markers such as mitogenomic or nuclear 
genomic data which have been previously successfully 
employed in the phylogenetic studies of freshwater mus- 
sels (Pfeiffer et al. 2019, 2021; Froufe et al. 2020; Zieritz 
et al. 2021a; Wu et al. 2024). 

The three new species described in this study are rare, 
restricted to small geographic areas, and likely confined 
to a single drainage. Species with limited ranges are more 
vulnerable to threats from human activities and climate 
change compared to widely distributed species (Randklev 
et al. 2015; da Silva et al. 2023), with some already ex- 
tinct on a local scale, such as several endemic species in 
North America (Bogan 1993; Haag and Williams 2014). 
Urgent conservation efforts are needed. However, essen- 
tial biological data, such as their geographical distribu- 
tion, habitat preferences, and fish hosts for their glochid- 
ia, remain unknown. Addressing these knowledge gaps 
is crucial for developing effective conservation strategies 
and for further understanding freshwater mussel biodi- 
versity in Southeast Asia. 
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